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ABSTRACT
We present results from analysis of the observation of the dipping, quasi-periodic
bursting low mass X-ray binary XB1323-619 made with XMM-Newton in Jan., 2003.
In spectral analysis of the non-dip, non-burst EPIC PN spectrum, a number of ab-
sorption lines were discovered, notably at 6.70 and 6.98 keV which we identify with
scattering by high ionization state ions Fe XXV and Fe XXVI. Such features have been
seen in other dipping sources, but their origin was not understood. Curve of growth
analysis provided a consistent solution in which the line ratio was reproduced assuming
collisional ionization with kT = 45 keV, close to the electron temperature we previ-
ously determined for the accretion disc corona (ADC) in this source. We thus propose
that the absorption lines in the dipping LMXB are produced in the ADC. Spectral
evolution in dipping was well-described by the progressive covering model which we
have previously shown to give very good explanations of many dipping sources. We
discuss the proposal of Boirin et al. (2004b), based on analysis of the present ob-
servation, that spectral evolution in all of the dipping LMXB may be explained by
subjecting the continuum to a highly ionized absorber. This would require a decrease
in X-ray intensity by a factor of ∼ 3 in dipping at energies where photoelectric ab-
sorption is not effective (40 – 100 keV) which previous BeppoSAX analysis of several
sources firmly rules out. In XB1323-619, any decrease was less than 10±10 percent,
and so the ionized absorber proposal can be ruled out. We find a remarkable linear
increase in the rate of X-ray bursts with time over the 14-year period since 1989, and
a systematic non-linear increase in source luminosity (L). The linear variation of burst
rate with L shows that the burst rate is proportional to mass accretion rate, and if
continued implies that the gap between bursts will become zero on January 11, 2008.
In reality we expect the source to undergo a transition from X-ray bursting to X-ray
flaring which would confirm the suggestion we previously made that flaring is unstable
nuclear burning effectively consisting of a superposition of X-ray bursts.
Key words: accretion: accretion discs – binaries: close – stars: neutron – X-rays:
binaries X-rays: individual (XB 1323-619)
1 INTRODUCTION
XB1323-619 is a member of the class of dipping low mass
X-ray binaries (LMXB) exhibiting absorption dips at the or-
bital period, and is also remarkable as one of the very few X-
ray burst sources in which the bursts occur regularly, but not
quite periodically. The dipping is due to absorption in the
bulge in the outer accretion disc (White & Swank 1982; Wal-
ter et al. 1982). Spectral evolution in dipping in these sources
provides a powerful tool for constraining emission models for
LMXB since not only non-dip emission but also several lev-
els of dipping must be fitted. In recent years, we have shown
that the complex spectral evolution in dipping can be ex-
plained in terms of absorption of two components: black-
body emission of the neutron star and Comptonized emis-
sion from a very extended Accretion Disc Corona (Church &
Balucinska-Church 1993, 1995; Church et al. 1997, 1998a).
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The gradual removal of the non-thermal emission in dipping
shows that the ADC must be extended. Identification of
the continuum emission with the above sources was strongly
confirmed by the measurement of dip ingress times, for al-
most all of the dipping sources, using data from several satel-
lites (Church & Ba lucin´ska-Church 2004). This showed that
the size of the ADC varies with X-ray luminosity between
20,000 km and 500,000 km or between 6–60 percent of the
accretion disc radius. This very large size rules out the pos-
sibility that the Comptonized emission originates in a small
central region around the compact object as has often been
assumed (Oosterbroek et al. 2001; Sidoli et al. 2001; Gier-
linski & Done 2002). In addition, there are many arguments
based on observational evidence that the thermal component
is from the neutron star and not the inner disc (Barnard et
al. 2003); for example, the smooth merging of the thermal
emission between X-ray bursts and the quiescent source, and
the fact that an extended ADC will cover the inner hot disc,
Comptonizing the emission, so that disc blackbody will not
be seen. Investigation of line emission variation in dipping
can indicate the source of the line. In XB1916-053, a line at
0.65 keV varies in dipping in exactly the same way as the
Comptonized emission showing that the line must originate
in the ADC (Church et al. 1997). In recent years, absorption
features have been discovered in several sources, notably the
galactic jet source GRS J1915+105 (Kotani et al. 2000), in
the LMXB GX13+1 (Ueda et al. 2001) and in the dipping
LMXB, such as XB1916-053 (Boirin et al. 2004a). As X-ray
dips are seen in the jet source and also in GX13+1, it is
clear that the absorption features are related to the high in-
clination of these systems, although the exact location of the
absorber has not been identified. It thus seems likely that all
dipping sources will exhibit absorption features which can
be used as diagnostics of plasma parameters in the absorbing
region.
XB1323-619 was found using Uhuru and Ariel V (For-
man et al. 1978; Warwick et al. 1981), and dipping at the
orbital period of 2.93 hr and X-ray bursting were discov-
ered using Exosat by van der Klis et al. (1985). During the
Exosat observation, the bursts repeated on a timescale of
5.30 – 5.43 hr, approximately on every second orbital cy-
cle. Spectral evolution in dipping was modelled using the
“absorbed + unabsorbed approach” (AU) by Parmar et al.
(1989), also applied to other dipping sources (Courvoisier
et al. 1986; Smale et al. 1988) in which the non-dip spec-
tral model is split into two parts for dipping. Dip spectra
can be fitted if one part is absorbed, while the other is not
absorbed but requires normalization decreasing by up to 10
times; however, this approach is difficult to justify physically.
Moreover, broadband spectra of dipping sources with Bep-
poSAX provide an unambiguous test of the AU approach,
since if the large decrease in normalization necessary to fit
dip spectra in the band 1 – 10 keV is real, then the spec-
tra in the range 40 – 100 keV should also exhibit a verti-
cal shift downwards by a large factor. It is quite clear from
the SAX observations of XB1323-619 (Ba lucin´ska-Church
et al. 1999; hereafter BC99) and XB1916-053 (Church et al.
1998b) that there is no such decrease, and this is strong evi-
dence against the AU approach. Thus although the absorbed
+ unabsorbed approach may appear to explain spectral evo-
lution in instruments not extending above 10 keV, it totally
fails to explain dipping in the band 0.1 – 300 keV.
An explanation of spectral evolution in dipping known
as the progressive covering model was proposed more re-
cently (e.g. Church et al. 1997) which takes into account
the strong evidence for an extended ADC, so that the ab-
sorber gradually overlaps larger fractions of the ADC. At
any stage, a fraction of the ADC remains uncovered giving
an unabsorbed fraction of the spectrum which decreases as
dipping deepens, thus explaining the need for a decreasing
normalization in the AU approach. The covered part of the
ADC provides an absorbed part of the spectrum, while the
neutron star blackbody is rapidly absorbed once the point
source is overlapped by absorber. This progressive covering
approach is clearly more physical, and has given extremely
good fits to dip spectra in many sources using a range of
satellite observatories (Church 2001). More important, it ex-
plains dipping in broad energy bands, such as that of Bep-
poSAX, i.e. in the region 10 – 100 keV, which the absorbed
and unabsorbed approach is unable to do, which therefore
must be rejected as incorrect.
XB1323-619 was observed by us with BeppoSAX 1997,
August 22 (BC99) and using Rossi-XTE on 1997, April 25
(Barnard et al. 2001). The BeppoSAX observation allowed
a detailed study of the X-ray spectrum, and of dipping and
bursting. The broadband spectrum in the range 1–200 keV
allowed accurate determination of emission parameters, and
the relatively high cut-off energy of 44 keV of the Comp-
tonized emission, ten times higher than in many LMXB,
proves a high electron temperature in the ADC. The neu-
tron star blackbody emission had kT = 1.77±0.25 keV con-
tributing ∼15 percent of the 2 – 10 keV flux. Spectral anal-
ysis of a burst that took place during a dip interval exhib-
ited a surprising lack of absorption shown to be consistent
with ionization of the absorbing bulge by the X-ray burst
(BC99), showing that during the burst all of the accretion
disc must be highly ionized. The RXTE observation giving
100 times improved count statistics could not be fitted with-
out including the effects of dust scattering, and the optical
depth to dust scattering was obtained from the radial in-
tensity profile of the BeppoSAX data (Barnard et al. 2001).
The RXTE observation also revealed a broad iron emission
line at 6.43±0.21 keV with equivalent width (EW) 110±55
eV.
During the above observations, it was seen that the
burst rate was increasing; for example in the BeppoSAX ob-
servation the bursts were repeating every 2.40 – 2.57 hr.
Although this might be expected to be due to changes in
mass accretion rate, i.e. source luminosity, there was at this
stage no apparent systematic change in the luminosity. The
source luminosity (1 – 10 keV) was ∼ 2 × 1036 erg s−1 en-
tirely consistent with the observation of X-ray bursts which
are seen in lower luminosity sources, but not in brighter
LMXB closer to the Eddington limit which exhibit X-ray
flaring.
In the present paper, we present analysis results for our
observation of the source with XMM-Newton in which sev-
eral absorption features were discovered. In addition, we find
that the burst rate has increased substantially, and we can
now show that this is very well correlated over a period of
14 years with a systematic increase in the source luminos-
ity, presumably reflecting an increase in mass accretion rate
from the Companion, the reason for which is not clear.
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Figure 1. EPIC PN lightcurve of XB1323-619 in the band 0.5–10.0 keV: lower panel shows the X-ray dipping; the upper panel shows
the X-ray bursts more clearly with burst heights corrected (see text)
2 OBSERVATIONS AND ANALYSIS
We observed XB1323-619 on 2003 Jan 29 from 09:03 – 22:47
UT for a total observation of 50 ks containing a usable ex-
posure of 43 ks. The European Photon Imaging Cameras
(EPIC) consist of two MOS and one PN spectrometer. Be-
cause the PN instrument is effectively two times more sensi-
tive than the MOS as it diverts no flux to the grating instru-
ments, we present PN results here. Raw data were assembled
into events files which were then used to provide lightcurves,
images and spectra using the Science Analysis Software SAS,
version 5.4.1. Hot and flickering pixels and the neighbouring
pixels of these were removed during the processing. Stan-
dard processing was used so that CCD events in single or
double pixels produced by a single photon were accepted
and other events rejected. There was no pulse pileup effect
as the count rate even at the peak of the largest X-ray burst
was well below that at which pileup is first seen. Barycen-
tric correction was carried out, and finally, during a period
of high particle background from 13.9–20.8 ks, science data
were not accumulated.
The PN detectors were operated in timing mode in
which only a single CCD containing the source is used, and
image data were not available since the data are projected
onto one dimension. The field of view of the single chip is
199× 64 pixel, where 1 pixel is 4.1′′ i.e. 13.′6× 4.′4. We ex-
tracted source events from a column 70′′ wide centred on the
source position, and obtained background from two columns
each 35′′wide at the edges of the strip, each ∼115′′ from the
source. The field of view of the detector was such that the X-
ray pulsar discovered during the BeppoSAX observation of
XB1323-619 (Angelini et al. 1999) and located 17′away, was
Figure 2. Detailed view of the 5th dip in two energy bands:
centre panel: 0.5–3.5 keV, lower panel: 3.5–10 keV together with
the hardness ratio formed from dividing these (top panel). The
marked spectral hardening in dips can be seen, except for the
unusual events at the start of dipping (see text)
not included and could not contaminate the data. The lat-
est instrument response file for the PN (epn ti40 sdY9.rsp)
released in January, 2003, was used.
c© 0000 RAS, MNRAS 000, 000–000
4 Church et al.
3 RESULTS
The background-subtracted X-ray lightcurve obtained from
the EPIC PN in the energy range 0.5 – 10 keV is shown in
Fig. 1 with 20 s binning (lower panel). 5 intervals of dipping
can be seen, and the 7 X-ray bursts are displayed separately
in the upper panel. Two of the bursts occur in the wings of
X-ray dips, although no bursts coincide with deep dipping.
With 20 s binning, bursts do not have their true height and
so we examined each burst individually with shorter binning,
decreasing the bin size until at a few seconds, there was no
change in burst height. The bursts are shown for clarity sep-
arately in the upper panel of Fig. 1 with corrected heights.
It is striking that one burst is very much more intense than
the others with peak intensity 35 times that of the persis-
tent emission, about 3 times larger than the other bursts.
The two bursts coinciding with the wings of X-ray dips are
slightly reduced in intensity compared with the other bursts.
The mean interval between bursts in the second half of the
observation containing 6 bursts is 58 min. However, in the
first part of the observation only one burst is seen when 3
might have been expected, and there is more variation in
burst height, suggesting that the bursting is rather more er-
ratic than previously, e.g. in BeppoSAX, possibly associated
with the increased source luminosity (Sect. 3.3).
Dipping is deep, the intensity falling by 85 percent of
the non-dip value and exhibits a high degree of variability.
The data were searched for periodicities to obtain a measure-
ment of the orbital period from the dip recurrence using the
ftool powspec and a period of 2.980±0.053 hr obtained
with PN data, and 2.961±0.048 hr with MOS. The average
of these is 2.97±0.05 hr which is consistent with the period
obtained from BeppoSAX of 2.938±0.020 hr (BC99). In Fig.
2 we show an expanded view of the variability in the fifth
dip, together with the associated increase in hardness ratio,
defined as the intensity in the band 3.5–10 keV divided by
that in the band 0.5–3.5 keV. The deep dipping within the
dip envelope displays increases in hardness as expected; how-
ever the first two dip events have no associated hardening,
which is very unusual. We examined the lightcurves in the
bands 0.5–3.5 and 3.5–10.0 keV and found these dip events
to have exactly equal depth. The only exception previously
found to the photoelectric absorption that produces X-ray
dips, is the occurrence of electron scattering in the “shoul-
ders of dipping” in the brighter dip sources X 1624-490 and
XB1254-690 (Smale, Church & Ba lucin´ska-Church 20001,
2002), i.e. when the lightcurves display dipping at about
the 10 percent deep level before deep dipping starts, which
we have explained as electron scattering in the outer highly
ionized layers of the absorber. This is not seen in conjunction
with fast variability in dipping which is due to absorption
of the point-like neutron star emission. Thus it appears that
this event is caused by the neutron star emission being either
fully absorbed by very dense matter or reduced by electron
scattering in fully ionized material probably on the outer
disc.
In the band 0.5–2.0 keV, dipping is 100 percent deep,
showing firstly that the absorber subtends a larger angle
at the neutron star than the extended emission compo-
nent. This deep dipping is also initially surprising in view
of the dust scattering previously found with this source.
For sources with higher Galactic column densities, scatter-
Figure 3. Spectral fit of the non-dip, non-burst spectrum. The
upper panel shows the folded data and residuals before addition
of lines to the spectral model, while the lower panel shows the
residuals after the lines were added
ing takes place both out of and into the beam. Because of
the delay involved in the scattering process, a fraction of
the non-dip emission is added to the dip intensity reducing
the observed depth of dipping. Thus in the observations of
XB1323-619 with BeppoSAX (BC99) and RXTE (Barnard
et al. 2001) the depth of dipping did not reach 100 per-
cent although other factors also contributed to this. In the
case of BeppoSAX, data were extracted from circular re-
gions around the source of radius 4′ for the MECS, while in
RXTE, no selection was possible as the PCA is not imaging.
It was concluded that the dust scattering halo contributed
a few percent in the case of RXTE, this having been de-
rived from fitting the radial intensity profile in BeppoSAX,
so that dipping could never be 100 percent deep. We inves-
tigated dust scattering in the present XMM observation by
re-binning the MOS image into radial bins in the range 0.5
to 300 arcseconds, and comparison of this with the point
spread function reveals a clear excess above the PSF at r >
40′′ which can be identified with the dust scattering halo.
However, data selected for analysis were obtained from a re-
gion of size 35′′ and hence dust scattering does not prevent
dipping becoming 100 percent deep.
3.1 The EPIC PN spectrum of persistent emission
Non-dip, non-burst intervals of data were selected from the
lightcurve of XB1323-619, and to obtain the best spectrum
for detection of lines, the whole observation was used (ex-
cluding bursts) although there was a 50 percent increase in
luminosity during the observation. In analysis of dipping,
only data from the second half of the observation were used
where the intensity was stable to avoid mixing data of dif-
ferent intensities. In our previous work, we have shown that
the continuum spectra of the dipping LMXB, and indeed of
LMXB in general, can be best-fitted by a two-component
c© 0000 RAS, MNRAS 000, 000–000
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Figure 4. The unfolded non-dip, non-burst spectrum with best-
fit model consisting of continuum plus line and edge features
model consisting of blackbody from the neutron star and
Comptonized emission from an extended ADC (Sect. 1). In
the high quality, broadband BeppoSAX data on XB1323-619
this was also the case (BC99). For this reason, we apply the
above continuum model to the above data as the evidence
for it is so strong. We note that in analysis of XMM data on
other dipping sources, Parmar and co-workers (e.g. Boirin
et al. 2004a) choose a model containing a disc blackbody
component although there is little evidence to support this.
Primitive channels were binned together such that, at
any energy, the energy resolution was oversampled by a fac-
tor of three; in addition the data were grouped to a minimum
of 20 counts per bin so that the χ2 statistic could be used.
Systematic errors of 2 percent were added. Data were fitted
in the band 0.52–10.0 keV, so avoiding a point at 0.5 keV
which appeared anomalous. Fig. 3 shows the folded spec-
trum of the persistent emission fitted by a continuum model
only, together with the residuals, from which it is imme-
diately clear that various absorption and emission features
were present. Firstly, there is a broad feature at ∼1 keV.
This can be fitted either by an emission line or by an ab-
sorption edge. A comparison of χ2 values can best be made
when all other absorption and emission features are added,
and at that stage, there is no significant difference in good-
ness of fit of emission line or edge. If an emission line is
used, the energy is 0.80 keV corresponding to Fe XXVII or
O VIII although the line is broad and very strong (EW ∼ 4
keV), and without apparent structure. The energy appears
higher in Fig. 3 because the line is modified by absorption.
An edge at ∼1.1 keV could consist of Ne VII (1.078 keV),
Ne VIII (1.125 keV), Fe XIII (1.081 keV) or Fe XIV (1.125
keV). We choose to adopt the edge model, because of the
possibly unreal width and strength an emission line would
need. However, there is evidence from dip spectra (below)
marginally against the edge model: when we added the two
lowest dip levels together to obtain a spectrum extending
down to 0.5 keV, but with only two bins spanning 0.6–1.5
keV. Although the spectrum at 1 keV was of poor quality,
there was no sign of any feature at 1 keV. While we expect
an emission line to be absorbed in dipping, an edge would
probably not be removed. Thus the edge nature of the 1 keV
feature cannot be regarded as quite definite.
Figure 5. Spectra of three levels of dip emission showing that
the progressive covering model provides very good fits to the con-
tinuum at all levels.
Figure 6. Best-fit spectral fitting results : variation of blackbody
column density, power law column density and power law partial
covering fraction f with intensity. NH is in units of 10
22 H atom
cm−2
Using the edge model, a number of absorption features
can be seen in the residuals, notably the lines at 6.70 keV
and 6.98 keV (Fe XXV and XXVI). There was also a weak
feature at ∼1.46 keV which might correspond to Mg XII,
but an EW of a few eV does not constitute a significant
detection. There was also some sign of weak, narrow ab-
sorption at 7.8 keV corresponding to Ni XXVII. A feature
at 4.0–4.6 keV could be fitted as an absorption line or as
an edge. If fitted as a line, the energy obtained of ∼4.6 keV
does not correspond to a known line, but an edge at ∼4.0
keV may be Ca XX. Starting from the continuum-only fit,
c© 0000 RAS, MNRAS 000, 000–000
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Table 1. Line and possible edge features detected in the non-dip spectrum of XB1323-619. In the case of the emission line, the measured
energy may have been affected by the neighbouring absorption lines, and identification of the transition is uncertain
E (keV) Em/Abs EW (eV) F-test prob. Transition Energy (keV)
1.09±0.01 edge . . . 3× 10−23 Ne VII/VIII, Fe XIII/XIV 1.08,1.13,1.08,1.13
1.46±0.03 A -15 1×10−4 Mg XII 1.48
4.05±0.08 edge . . . 1× 10−6 Ca XX Kα 4.03
6.70±0.03 A -22 2× 10−7 Fe XXV Kα 6.68
6.98±0.04 A -27 1× 10−6 Fe XXVI Kα 6.95
6.82±0.11 E 92 3× 10−6 Fe XXV/XXVI 6.68/6.95
Figure 7. Top panel: the long-term variation of the mean interval
between bursts, fitted by a linear model; ∆t errors, typically ±5
min, are too small to be seen. Lower panel: the 1–10 keV source
luminosities for each of the observations
lines were added to the spectral model sequentially, until the
final model was obtained having the lines shown in Table 1.
The best-fit is shown in Fig. 4 as an unfolded spectrum, and
the remaining small residuals shown in Fig. 3 (lower panel).
From these, it can be seen that the broad positive residuals
between 6–8 keV in the continuum model were partly a re-
sult of the absorption features not being modelled; in the fi-
nal fit, this resolves itself into a single emission line, although
the measured energy of 6.8 keV was probably distorted by
the neighbouring absorption lines, making identification un-
certain. The interpretation of these features is discussed in
Sect. 4. The best-fit values of the continuum parameters
were kT = 1.09+0.07
−0.02 keV for the neutron star blackbody,
power law photon index Γ = 1.69±0.08, and the column
density NH was 2.42 ± 0.14× 10
22 atom cm−2. The column
density is somewhat larger than the Stark et al. (1992) value
of ∼ 1.4 × 1022 atom cm−2.
3.2 Spectral evolution in dipping
Dip spectra were produced by selecting in intensity bands
from the second half of the observation. X-ray bursts were
removed, and intensity bands defined of 5–10, 10–15, 15–
20 count s−1 for deep, medium and shallow dipping, and
also the non-dip spectrum at 30–36 count s−1. The non-dip
Figure 8. The data of Fig. 7 re-plotted as 1/∆ t, i.e. as burst
repetition rate as a function of L1−10 with best-fit simple linear
model
spectrum contained only data from times later than 30 ks
in the observation, to exclude earlier data at lower intensity.
This spectrum was fitted to obtain the emission parameters:
NH, kT , Γ and the normalizations, and these were frozen in
fitting the dip spectra as only absorption parameters can
change. The same line and edge features as found above
were included in fitting each spectrum. The spectral model
tried in fitting had the form ag*(ab*bb+pcf*pl), where
ag is Galactic absorption, bb is the neutron star blackbody
emission, ab the absorption of the blackbody and pl is the
Comptonized emission of the extended ADC. The point-like
blackbody is allowed to be covered rapidly once the envelope
of the absorber passes across the neutron star, but the ADC
is subject to progressive covering modelled as pcf: a partial
covering fraction as the absorber progressively overlaps more
of the ADC. This “progressive covering” model (Sect. 1) has
previously provided very good fits to observations of the
dipping sources, including XB1323-619 (Church et al. 1997;
BC99).
Good fits were obtained for the dip spectra with the
emission parameters frozen at the non-dip values, with
χ2/d.o.f. = 104/101, 46/40 and 57/45, for medium, deep and
very deep dipping, and these fits are shown in Fig. 5 where
simple fits are added to the data. Clearly the two deeper dip
spectra are not of the highest quality because of the lack of
counts. The variation of the absorption parameters within
c© 0000 RAS, MNRAS 000, 000–000
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the progressive covering model are shown in Fig. 6. It can be
seen that the covering fraction rises smoothly from zero to
95 percent in the deep dip spectrum, and that the column
density is much higher for the neutron star blackbody emis-
sion than for the extended emission, and only lower limits
can be given for the lower two dip levels. The reason that
this column density is higher is that the neutron star effec-
tively allows measurement of NH along a line through the
centre of the absorber, whereas the extended emission has
NH determined as an integration over the absorber includ-
ing lower density outer regions. It is quite clear that the
above absorber modelling gives good fits, providing further
evidence for the progressive covering model which gives a
clear physical explanation of spectral evolution in dipping,
and thus evidence against the alternative “absorbed plus
unabsorbed” approach.
The absorption lines of the non-dip spectrum were
found to become more pronounced in dipping, in particu-
lar the Fe XXV and XXVI lines. In addition, it was striking
that an additional absorption line at ∼7.8 keV correspond-
ing to Ni XXVII Kα was clearly detected, which although
just seen in the non-dip spectrum, did not constitute a sig-
nificant detection. The equivalent width of the Fe XXV line
in the deep dip spectrum was ∼100 eV, that is, five times
larger than in the non-dip spectrum. The increase in EW
reflects an increase of integrated flux in the line in dipping
by a factor of 2.5 compared with non-dip, while the con-
tinuum spectral flux density decreases by a factor of two,
thus there is clearly additional absorption in the line. The
relatively poor statistics of the dip spectra tended to mask
systematic trends in the line parameters; however, the Fe
XXV line energy in the dip spectra was 6.55±0.1 keV. This
is consistent with a decrease of the ionization state of the
additional absorber involved in forming absorption lines in
dipping. Finally, the strong emission line at ∼6.8 keV was
not present in the dip spectra implying that this was pro-
duced in the ADC so that in dipping it is removed as the
ADC is overlapped by absorber.
3.3 14-year acceleration increase of rate of X-ray
bursts
We next present results on the clear systematic change of
X-ray burst rate over the 14-year interval since the Exosat
observation. For the RXTE, ASCA and SAX observations,
we use our previously published burst rates (Barnard et al.
2001; BC99); for Exosat we also use the published rate (Par-
mar et al. 1989). In the case of the Exosat, RXTE and SAX
observations, the bursting clearly displayed the regularity
for which the source is known, i.e. most bursts repeated reg-
ularly. However, in obtaining the mean burst separation, we
did exclude bursts following double bursts which cause a
glitch in the burst repetition rate. In the XMM observation,
it appears that the degree of regularity has decreased pre-
sumably associated with the luminosity increase. Thus Fig.
1 shows that in the second half of the observation, the bursts
tend to be regular, but this is not seen in the first half. Con-
sequently, we make the best estimate possible from the sec-
ond half. This value of 58.4±7 min between bursts is remark-
ably shorter than in previous observations of this source. In
Exosat (1985, February) the separation was 5.30 – 5.43 hr
(Parmar et al. 1989), in ASCA (1994, August) it was 3.05 hr
Table 2. Column densities of absorbing ions for the non-dip spec-
trum from curve of growth analysis shown as logarithms. Also
shown are implied values of kTtherm if the ion distributions are
due to collisional ionization, and values of the ionization param-
eter ξ for ions produced by photo-ionization. For each ionization
process, the hydrogen column density of the plasma is given in
non-logarithmic form
specie kTCG = 100 keV kTCG=45 keV kTCG=1 keV
Fe XXV Kα 17.6±0.1 17.8±0.1 18.7±0.2
Fe XXVI Kα 18.0±0.1 18.8±0.1 19.95±0.1
thermal ionization
NH (atom cm
−2) 9.9×1022 1.7×1024 2.7×1025
kTtherm (keV) 14 42 100
photo-ionization
NH (atom cm
−2) 4.3×1022 4.0×1023 8.0×1025
ξ (erg cm s−1) 103.4 103.6 104.3
(BC99); XTE (1997, April) it 2.45 – 2.59 hr (Barnard et al.
2001) and in BeppoSAX (1997, August) it was 2.40 – 2.57
hr (BC99). Thus it is very clear that the rate of bursting
has been increasing systematically since 1985 and probably
before that.
To investigate the dependence of burst rate with source
luminosity, we have compiled the values of source luminosity
from our spectral analysis of the ASCA, RXTE and Bep-
poSAX observations. In addition we obtained the Exosat
ME spectrum and instrument response from the HEASARC
archive and carried out spectral fitting of this using the same
two-component model used with the other observations (see
Sect. 3.1). In all cases we derived the flux and luminosity
in the 1 – 10 keV band, assuming a distance of 10 kpc, to
avoid extrapolating too far from the actual instrumental en-
ergy ranges. The results are shown in Fig. 5 in the form
of burst recurrence time ∆t as a function of MJD (upper
panel), and source luminosity L (lower panel). The linear
variation of burst rate is remarkable, and is presumably due
to the systematic increase of luminosity over the 14 year pe-
riod covered. It should be noted that the data from Exosat,
RXTE and SAX by themselves prove the change in burst
rate; the XMM data are clearly consistent with this trend,
even if the regularity of the bursting had decreased. Least
squares fitting of the data in Fig. 5 produced a best-fit lin-
ear slope of -0.03847 min MJD−1 such that if we assume the
linear behaviour continues, the gap between bursts would
become zero on MJD 54476, i.e on 2008, Jan 11. In reality,
we do not expect this to happen, since only low luminosity
sources exhibit X-ray bursts while brighter sources exhibit
flaring; thus we expect the source to undergo a gradual tran-
sition to flaring before 2008 as the luminosity increases from
1037 to 1038 erg s−1.
We also plotted 1/∆t as a function of L to test the
hypothesis that the burst rate is increasing because of the
luminosity increase: for a given mass accretion rate M˙ , the
gap ∆t is determined by the time to accumulate sufficient
mass on the neutron star surface for a nuclear event. Thus
with increasing L and M˙ , 1/∆t should be proportional to L.
Fig. 6 shows that this is indeed the case, with a simple linear
fit added to the data. This source is remarkable in having
burst rate ∝ M˙ as also found recently for the other quasi-
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periodic burster GS 1826-238 by Galloway et al. (2004). Al-
though this may be expected theoretically, the majority of
burst sources have a burst rate that decreases with increas-
ing M˙ (e.g. Strohmayer & Bildsten 2003), perhaps because
the burning area increases so that the mass flow per unit
area may decrease.
4 DISCUSSION
Fitting the spectra of XB1323-619 has shown that both the
emission model used, and the progressive covering absorp-
tion model provide very good fits. Thus the non-dip con-
tinuum spectrum is well-described by assuming blackbody
emission from the neutron star plus Comptonized emission
from the extended accretion disc corona. Fig. 5 shows that
the absorption model provides excellent fits to several lev-
els of dipping, this model assuming that the extended ADC
is covered gradually by the extended absorber, so that at
every stage of dipping, part of the ADC is covered by ab-
sorber and part is not. This progressive covering explanation
of spectral evolution in dipping has been shown to explain
dipping in many dipping sources, and crucially, is able to
explain dipping in broadband X-ray observatories such as
SAX, i.e. it predicts that no change will take place in the
range above 40 keV where there is no photoelectric absorp-
tion, in agreement with observation (see Sect. 1). “Absorbed
plus unabsorbed” modelling which was previously used pre-
dicts an intensity decrease of typically a factor of 10 above
40 keV which is definitely not seen and the model must be
rejected as incorrect.
Analysis of the present observation by Boirin et al.
(2004b) claims that both continuum evolution in dipping
and the absorption lines could be modelled by an ionized
absorber, and that this might be able to explain all LMXB
dipping sources. A consequence would be that an extended
ADC would not be required. However, this suggestion can
be ruled out. Firstly, they ignore the strong evidence from
dip ingress timing (Church & Ba lucin´ska-Church 2004) that
the dominant Comptonized emission region (the ADC) is
very extended, as well as evidence cited in many papers (see
Sect. 1) that one emission component is removed gradually
in dipping showing that it must be extended. The use of
an ionized absorber model means a high degree of electron
scattering of the continuum which we can rule out. Their
ionized absorber has ionization parameter log ξ ∼ 4.0 (non-
dip) and 3.5 (deep dipping) so that almost all electrons are
removed from ions. Their ionized absorber column density
in deep dipping is equivalent to an electron column density
Ne of 1.8 × 10
24 cm−2. In non-dip emission, the value is ∼
100 times less. Thus the increase of electron column density
in dipping would cause a decrease in X-ray continuum inten-
sity at every energy due to Thomson scattering by a factor
of exp − (NeσT) where σT is the Thomson cross-section,
equal to 3.2. But the high energy spectra of several dipping
LMXB in the SAX PDS instrument have already been ex-
amined, including that of XB1323-619 (BC99) in which the
change in intensity in the 20 – 50 keV PDS band was <
10±10 percent. Thus it is clear that the continuum com-
ponents are not subject to ionized absorber, and so we can
rule out the proposed model for the dipping LMXB based
on ionized absorber.
The detection of several absorption features in the non-
dip spectrum of XB1323-619, notably those of Fe XXV Kα
and Fe XXVI Kα allows derivation of column densities for
these species and for consideration of the site of the absorp-
tion. We use the curves of growth for these transitions ob-
tained by Kotani et al. (2000) in which equivalent widths are
given as a function of column density for a range of plasma
temperatures between 0.1 and 1000 keV. In our case, the
best-fit values are EW = 22±3 eV for Fe XXV Kα, and
27±4 eV for Fe XXVI Kα. Using the curves of growth, we
convert these to column densities as shown in Table 2 for
three values of the temperature used in curve of growth cal-
culations kTCG: 100 keV, 45 keV and 1 keV. We will consider
the two possibilities that the absorbing plasma is formed by
collisional ionization or photo-ionization.
For collisional ionization, we will find the plasma ther-
mal temperature kTtherm needed to give the observed ratio
of column densities for Fe XXVI and Fe XXV. Using pub-
lished data on the distribution of ionization states of iron
with kTtherm (Makishima 1986), we obtain kTtherm = 14
keV for kTCG =100 keV, and kTtherm =100 keV for kTCG
= 1 keV. Assuming that all of the iron in the plasma is
in the forms Fe XXVII, Fe XXVI or Fe XXV, we can eas-
ily obtain the density fraction of Fe XXV. Then, assum-
ing solar abundances, i.e. that the ratio H/Fe = 3.02×104 ,
and using the measured column density of Fe XXV we find
the overall plasma column density NH. For example, for a
curve of growth temperature kTCG = 100 keV, a value NH
of 9.9 × 1022 atom cm−2 follows. However, for a low curve
of growth temperature of 1 keV, NH becomes very high at
2.7 × 1025 (see Table 2). This latter possibility can be re-
jected since the degree of electron scattering in this plasma
would be very high with a reduction in X-ray intensity by a
factor exp(−NeσT) = exp(−16). Thus X-rays would be very
strongly attenuated at all energies by Thomson scattering,
and the source luminosity would be many orders of magni-
tude greater than the apparent value, many times brighter
than any Galactic LMXB.
Similarly, we have obtained NH values assuming photo-
ionization. In this case we use ion distributions as a func-
tion of the ionization parameter ξ (Kallman & McCray 1982;
Makishima 1986), and find that values of ξ = 2500 and 20000
erg cm s−1 are needed for kTCG = 100 keV and 1 keV respec-
tively. For these, the corresponding column densities NH are
4.3×1022 and 8.0×1025 atom cm−2 respectively. Again, we
may reject the very high column density case.
The problem in interpreting the curve of growth anal-
ysis is to identify the curve of growth temperature kTCG
with a real plasma temperature. There are several possible
temperatures, firstly a thermal value kTtherm and an ion-
ization temperature kTioniz. For collisional ionization, there
would be thermal equilibrium with kTCG = kTtherm. For
photo-ionization, kTioniz would determine the distribution
of ion types, with kTCG = kTioniz which can differ from
kTtherm. There may also be a third temperature as suggested
by Kotani et al. (2000) characteristic of a bulk motion such
as an outflow or of turbulence. For both ionization processes,
we can reject a low curve of growth temperature of ∼1 keV.
If we argue that kTCG must be of the order of 100 keV to
avoid NH becoming large implying strong Thomson scatter-
ing, we are faced with the problem that kTCG is inconsistent
with the required kTtherm of 14 keV and would conclude that
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photo-ionization must operate with kTCG equal to a third
plasma temperature reflecting an unknown process.
However, this can be avoided for a curve of growth tem-
perature of 45 keV, also shown in Table 2. For collisional
ionization this requires kTtherm = 42 keV and so is consis-
tent. NH is 1.7 × 10
24 atom cm−2 for which the reduction
by electron scattering is exp(−1.0), i.e. by three times. This
is not so high that we can reject this possibility. For photo-
ionization the NH value is also relatively low. However, both
kTtherm = 42 keV and ξ = 4000 appear to be inconsistent
with conditions on the outer accretion disc. However, a tem-
perature of ∼42 keV is consistent with the range of values we
have previously obtained for the electron temperature of the
ADC in this source. The broadband BeppoSAX spectrum
of XB1323-619 allowed a Comptonization cut-off energy of
44.1+5.1
−4.4 keV to be measured (BC99). The electron temper-
ature depends on the optical depth τ with kTe = ECO for
low τ , and 3 kTe =ECO for high τ . This gives kTe = 13 keV
(high τ ) and 44 keV (low τ ). However, the measured ADC
size agreed with the maximum radius for hydrostatic equilib-
rium if we assume kT = 44 keV (Church 2001) supporting
this higher temperature. The present result from curve of
growth analysis that the ion types are consistent with a kT
∼ 45 keV thus suggest that the absorption lines are formed
in the accretion disc corona, and we propose that the ADC
is the site of absorption line production in all the dipping
LMXB.
Conditions in the ADC are not well understood, and
the formation of the ADC has also not been understood,
with theoretical models divided between intrinsic processes
such as disc instabilities and external models in which ir-
radiation of the disc by the central source leads to forma-
tion. Our results demonstrating the very extended nature
of the ADC support the irradiation models (e.g. Jimenez-
Garate, Raymond & Liedahl et al. (2002); Ro´z˙an´ska & Cz-
erny 1996). These models show that above the disc will be
an atmosphere or boundary layer, with a hot, less dense
corona above this. The ADC temperature is less than 10
keV; however, this is not totally consistent with X-ray spec-
tra of sources such as XB1916-053 and XB1323-619 (Church
2001) where the cut-off energies are high (81 keV and 44
keV, respectively) showing that kTe can be 25 keV or more.
Jimenez-Garate et al. provide calculations of proton density
as a function of height above the disc, with values of up to
1014 cm−3 at a radius of the outer ADC (1010 cm; Church
& Ba lucin´ska-Church 2004). Assuming this to be constant,
we estimate the column density for a path length of 10 per-
cent of this as ∼ 1023 atom cm−2, i.e. relatively similar to
the level of ∼ 1024 atom cm−2 implied by the Fe absorption
lines in this work.
The formation of the ADC in illumination models takes
place initially as a hot skin which is evaporated from the
accretion disc. The models assume that energy is absorbed
from the central X-ray source and then redistributed verti-
cally to produce a distribution of plasma density and tem-
perature. Thus it is likely that the ion distribution in the
ADC will depend on collisional ionization at the ADC tem-
perature, and is not produced by photo-ionization in the
ADC itself.
In deep dipping, the Fe XXV Kα absorption line is
stronger than in the non-dip spectrum. The normalization of
the line in the dip spectra is ∼5 times larger than in non-dip,
while the continuum at this energy is reduced by a factor of
two compared with non-dip. This clearly shows that there is
a concentration of Fe XXV ions in the bulge in the outer disc
resulting in increased depth of the absorption line. However,
the line energy is reduced compared with non-dip showing
that the ionization state is not so high as for the absorber
producing the line in non-dip emission. The reduced quality
of the dip spectra make it difficult to get accurate equiva-
lent widths and thus accurate ratios for the ions Fe XXVI
and Fe XXV, so that a detailed numeric evaluation of col-
umn densities is not sensible. However, for an approximate
EW of 100 eV for Fe XXV, NFeXXV is ∼ 10
20 ion cm−2
and the hydrogen column density NH must be at least 10
24
atom cm−2. Such values are not inconsistent with column
densities in the bulge in the outer disc as revealed from dip
spectra.
Finally, we comment on the remarkable linear increase
in the rate of X-ray bursting which we show has continued
unchanged over an 14 year period. This predicts that the gap
between bursts would become zero on Jan 11, 2008. How-
ever, we do not expect the behaviour of the source to con-
tinue unchanged till then, since as the luminosity increases
further in the band 1037 to 1038 erg s−1, we expect the
source to change from a bursting source to a flaring source,
since bursts are not generally seen from high luminosity
sources. Observation during this period will be very interest-
ing allowing investigation of the transition. The observation
of a smooth transition between bursting and flaring would
clearly support the origin of flares as unstable nuclear burn-
ing as proposed theoretically (e.g. Bildsten 1995).
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